The purpose of this article is to provide meaningful information to common points of confusion regarding the FDA and the use of PRP. A common clinical scenario is presented in an effort to convey the information in a clinically relevant manner.
Clinical Scenario: The Young Patient with Glenohumeral Arthritis
A 40-year-old manual laborer comes into the office complaining of shoulder pain and dysfunction. Plain radiographs are consistent with advance glenohumeral arthritis and magnetic resonance imaging reveals an intact rotator cuff. The patient has failed conservative management consisting of nonsteroidal anti-inflammatory drugs and formal physical therapy. Current treatment options for this patient include an arthroplasty procedure (hemi vs. total) and an intra-articular injection. Total shoulder replacement has been shown to provide pain relief in young adults, however, 10-year survival rates are low. 1 Hemiarthroplasty in a young patient provides less predictable pain relief compared with total shoulder arthroplasty and may lead to increased glenoid erosion postoperatively. 2 A corticosteroid injection may provide short-term relief, however multiple injections raises concern over damage to the rotator cuff. [3] [4] [5] In these situations, the lack of a clear treatment choice often prompts an extended conversation regarding alternative treatment options. In most cases, the goal of treatment is to adequately manage the patient's symptoms to allow a shoulder replacement to be delayed as long as possible. In this regard, PRP may be a viable treatment option. Although there are no studies to support the use PRP in the treatment of glenohumeral arthritis, it has been used with some success in treating arthritis of the knee. 6, 7 Additionally, its benign nature as an autologous substance 8 and its potential from a biological perspective to reduce proinflammatory mediator production 9,10 make it an attractive treatment option compared with corticosteroid injections or an arthroplasty procedure.
Following this conversation, the patient decides to try PRP and schedules a follow-up visit for an intra-articular injection. Before the patient's return visit, numerous questions regarding the FDA and PRP surface. Is it the device or the PRP that is approved? How does the FDA regulate PRP? What does the language in 21 CFR 1271 of the Code of Regulations mean in terms of use of PRP?
Is It Platelet-Rich Plasma or the Platelet-Rich Plasma Device that Is Approved?
The first point of confusion is in regards to the FDA approval of PRP devices. There are many pathways in which a drug, biologic, or medical device can be brought to the market. The regulatory process in regards to the application of biologics in orthopedics is outlined in a recent review article by Anz et al. 11 In general, drugs are approved via New Drug Applications (NDA) or Abbreviated New Drug Applications, utilizing clinical data obtained from an Investigational New Drug (IND) application. Depending upon the type or classifi-cation, biologics may be approved through NDAs or Biologics License Applications (BLA), or cleared via Premarket Notification (510(k)). NDA and BLAs require clinical data obtained from an IND or Investigational Device Exemption (IDE) application; a 510(k) may not require clinical data. Depending upon risk classification, medical devices may either be approved through Premarket Approval (PMA) or a 510(k) clearance. PMAs will require clinical data obtained from an IDE application; a 510(k) may not require the clinical data.
The 510(k) application is for devices that are considered lower risk devices, and determined to be "substantially equivalent" to a previously cleared device. A device under this application is given a 510(k) clearance. 12, 13 An approved device under this application is given a 510(k) clearance. The term "clearance" rather than "approval" is used to note that the device is similar to an existing device, or predicate, and the clearance is limited to the indications of the predicate device. The 510(k) application is the pathway typically used to bring PRP preparation systems to the market. While the 510(k) clearance is important as it allows clinicians access to PRP preparation systems, it can be confusing as to what the clearance actually signifies. In contrast to the IND, IDE, and PMAs, 510(k) applications focus primarily on the safety of a device as well as its performance characteristics and typically do not require supporting clinical data. In its simplest form, a device with 510(k) clearance is considered to be substantially equivalent to a predicate device for a specific indication. 12, 13 There are numerous PRP preparation systems on the market today with FDA clearance; however, nearly all of these systems have 510(k) clearance for producing platelet-rich preparations intended to be mixed with bone graft materials to enhance bone graft handling properties in orthopedic practices. They are not intended for direct patient applications, such as injection or implant without prior mixing with the bone graft materials. The clearance applies only to the device and its intended use in an operative setting and makes no claim to its effectiveness for a particular indication. This clearance limits the marketing of the device to the specific indication for which it was cleared, but it does not restrict or limit the practice of medicine by the clinician. Specifically, a PRP system with 510(k) clearance indicates that the device is (1) safe in that it does not create a platelet preparation that is hazardous or dangerous and (2) that its performance is substantially equivalent to a predicate PRP device meaning it has demonstrated the capability to isolate the platelets from whole blood. The 510(k) clearance applies to producing PRP for use with bone graft materials to enhance bone graft handling properties. In addition, 510(k) clearance is not synonymous with approval for a specific indication. Product approval for a given indication requires a BLA or PMA application, which is a more rigorous and clinically dependent process, centered on establishing safety and efficacy. 12 biologics (e.g. vaccines and cellular and gene therapies), medical devices, food and animal feed, cosmetics, and products that emit radiation." 14 It is natural to ask where does PRP fall among these items. In its simplest form, the term "Platelet-Rich Plasma" refers to a sample of autologous plasma with platelet concentrations above baseline values. [15] [16] [17] Under this definition, PRP is considered a biologic. Biologics are regulated by the FDA's CBER.
How Is a Biologic Such as Platelet-Rich Plasma Regulated?
For clinicians using PRP, it is important to understand how agencies such as CBER approach regulating a biologic. The first consideration is whether the PRP is being used as intended. As previously discussed, PRP devices are cleared for use in an operative setting to mix with bone graft materials to enhance bone graft handling properties. The use of PRP outside this setting, for example, an office injection, would be considered "off label." The term "off label" may conjure feelings of fright and alarm among clinicians. Offlabel use simply refers to the use of a device for an indication for which that device was not cleared or approved. Given that preparation systems come to market via the 510(k) clearance pathway, where the cleared devices are substantially equivalent to predicate devices for producing platelet-rich preparations intended for use in an operative setting, office injections are considered off label. 18 For office injections to be on label and approved, a BLA or PMA would need to be submitted and PMA with animal studies and clinical trials (involving an IND or IDE) would be required. This is a time consuming and costly process that would require substantial funding and with the simpler and quicker 510(k) pathway in place, PRP will likely continue to be labeled for operative use.
It is important to note that the FDA does not regulate the practice of medicine. Clinicians are free to use a product off label as long as certain responsibilities are met. Per CBER, when the intent is the practice of medicine, clinicians "have the responsibility to be well informed about the product, to base its use on firm scientific rationale and on sound medical evidence, and to maintain records of the product's use and effects," however, they do not require submission of an IND or IDE or oversight from an institutional review board (IRB). 19 Returning to our clinical scenario, the young patient with glenohumeral arthritis, a review of the literature is performed before their return visit to ensure the responsibilities set forth by CBER are met. There are several cell-based studies that have demonstrated positive effects of plasma preparations on human tendon, muscle, and bone tissue. 8 While clinical studies have shown mixed results in terms of efficacy, PRP has been successfully administered in these studies without an apparent increase in adverse events. In consideration of the patient's problem and the lack of a clear treatment choice, along with positive laboratory data and supporting safety data, off-label use of PRP would seem to be warranted as it may have some potential benefit with little risk in comparison to an office injection of corticosteroids or the undertaking of an arthroplasty procedure.
Conversely, for clinician researchers who intended to use PRP in an investigational manner to determine safety and efficacy, a formal review including IND or IDE and IRB approval is required. However, per 21 CFR 312.2(b)(1), there are specific situations in which an IND application may not be required. In short, this criteria pertain to investigations where there is no intention to support a new indication, labeling, or significant change in advertising, and does not involve increasing risk to the subject. 19 The study may be conducted in compliance with an IRB and within the promotion of the product, and it does not invoke 21 CFR 50.24, which pertains to exemption from informed consent for emergency research. Researchers interested in clinical investigations of PRP are encouraged to contact CBER and the FDA for more information. 19 
Food and Drug Administration Code of Regulations: 21 CFR 1271
At the center of confusion regarding the FDA's stance on PRP is 21 CFR 1271 of the Code of Regulations. In 1997, the FDA released a tiered risk-based approach to the regulation of human cells, tissues, cellular and tissue-based products (HCT/Ps) intended for implantation, transplantation, infusion, or transfer to a human recipient in Title 21, Part 1271 of the Code of Federal Regulations. 20,21 Specifically, the FDA defined two categories of HCT/Ps: lower risk products, which are less than minimally manipulated, advertised for homologous use only, not intended to be combined with another product with the exception of simple electrolyte, and preservation solutions, which are either autologous or have a nonsystemic effect. HCT/Ps meeting these requirements are regulated under section 361 of the Public Health Service Act and are often referred to as 361 products. These products do not require PMA before coming to the market. Products that do not meet the earlier-mentioned criteria are considered high risk and are regulated under section 351 and require animal and clinical data through the FDA's traditional PMA pathway. Cellular products excluded from regulation under 21 CFR 1271 include, but are not limited to, blood products, minimally manipulated bone marrow, and xenografts. 20, 21 In 2005, the FDA issued a ruling related to the manipulation HCT/Ps. 21 Specifically, the FDA declared that any procedure in which human cells are manipulated for clinical use is subject to oversight. The cells or tissue can be either more than or less than "minimally manipulated." When the cells or tissue are more than minimally manipulated, they may be treated like a "drug" and require approval status under current regulations. 21 This clarification has primarily impacted cellular therapies, specifically the use of cultured stem cells where the culturing process was deemed to have "more than minimally manipulated" the cells. 22, 23 This interpretation sparked debate over the FDA authority to regulate the practice of medicine with respect to the use of biologics. 24, 25 An extended example of the potential implications of a broad interpretation of the language of 1271 is the change that occurs with activated PRP. While PRP obtained from a 510(k) cleared device is unregulated, the activation of PRP with calcium and/or thrombin creates variability in the release of platelet growth factors and kinetic activity, prompting concern as to whether the FDA would consider this to be a "more than minimally manipulated" product. 24 To date, this ruling has not resulted in the FDA attempting to regulate activated PRP suggesting that the concern regarding the language of 1271 likely reflects the ongoing debate over the FDA's role rather than their intent to regulate platelet-rich products.
Our Approach to Platelet-Rich Plasma Treatments
Before scheduling an office visit for injection, PRP treatment is discussed extensively with the patient. This includes a review of current research in which both cell-based and clinical studies are discussed. We make a concerted effort to deliver this information in an unbiased fashion to allow the patient to make an informed decision. We also note that there is no guarantee that the PRP injection will provide relief. The regulatory issues surrounding PRP treatments are also discussed. We describe the process of obtaining PRP, highlighting the fact that the devices used are cleared for safe and effective processing of PRP. In addition, we encourage patients to discuss PRP with their family and primary care physician. If a patient elects for a PRP injection, outcome and qualitybased information is collected. All information is collected on a quality assurance sheet to document the reason for seeking injection, adverse events, and immediate outcome. In the days following the injection, a call is made to the patient to find out how they are doing and whether they have experienced any adverse or unexpected events. This process helps ensure CBER's requirement of records regarding the use, and the effects of PRP is maintained. To date, we have not observed an adverse event or unanticipated effect that falls outside the scope of what is normally expected from an office injection.
Summary of the FDA Stance on Platelet-Rich Plasma
• Currently, there are several systems for obtaining PRP that have received 510(k) clearances which indicates that a given preparation system is substantial equivalent to a predicate device in that it is safe and capable of producing PRP. • Per the FDA, PRP's intended use is in an operative setting to mix with bone graft materials to enhance bone graft handling properties. Use outside this setting is considered to be off label. • Clinicians using PRP off label (office injections) as part of good medical practice and in the best interest of the patient have the responsibility to be well informed on the product and to keep records of its use; however, they do not require oversight from the FDA. • The language in 21 CFR 1271 regarding the manipulation of cells has impacted the use of cultured stem cells, causing concern for some over activated PRP. To date, the FDA has not attempted to regulate activated PRP. Clinicians using activated PRP should be mindful of these concerns and continued to stay informed.
